Introduction
Cerebrospinal fluid (CSF) fistulae can occur spontaneously as a result of intracranial hypertension, following surgery, or secondary to a traumatic event. This is a common but challenging problem that often requires operative intervention to resolve. Presentation may include rhinorrhea, otorhea, hearing loss, or seizures, with complications that include meningitis, brain abscesses, tension pneumocephalus, and death.
1,2
Many of the CSF leaks that occur after trauma resolve with conservative measures, such as bed rest, elevation of the head, avoidance of strenuous activities, and decreasing the CSF pressure with spinal taps or drains. [3] [4] [5] [6] A range of surgical interventions are also available for refractory cases, though surgical management requires judicious investigations as it is dependent on the etiology, location, and temporal relationship of the leak with the inciting factor.
4-12
We present a patient who suffered multiple CSF fistulae following a traumatic gunshot wound and presented with significant CSF rhinorrhea. Instead of staging the procedure and repairing each fistula individually, we used a team of skull base specialists to manage this complex problem with a single surgery to repair all defects simultaneously.
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Abstract
Introduction Traumatic cerebrospinal fluid (CSF) fistulae can be a challenging neurosurgical disease, often requiring complicated surgical intervention. Case Presentation A 54-year-old man presented with a gunshot wound to the head with complex injury to the skull base and significant CSF leakage from multiple sites. A single surgery was performed using a combined Neurosurgery, Neurotology, and Rhinology team, which was successful in repairing the multiple skull base defects and preventing further CSF leak. Discussion Trauma to the skull base is a common inciting factor for the development of CSF fistulae. Endoscopic approaches are often preferred for repairing these defects, but craniotomy remains a viable option that may be required in more complex cases. A combined approach has not been described previously, but was successful for this severe multifocal defect. Conclusion A multidisciplinary approach allowed for a combined intervention that addressed both the anterior and middle fossae fistulae simultaneously. This limited the potential infectious complications of continued CSF leak and allowed for early rehabilitation.
Case Presentation
We present a 54-year-old man with a self-inflicted gunshot wound to the left side of his face and neck. On admission, computerized tomography (CT) scan of his head showed extensive damage to the squamous and petrous portions of the left temporal bone and obliteration of the left orbit and globe. This was associated with a moderate amount of pneumocephalus (►Fig. 1). He was admitted in critical condition and stabilized in the trauma intensive care unit (ICU). He had a significant CSF leak associated with a secondary encephalocele in the anterior and middle fossae. Once it was determined that he had reasonable neurological function and desired repair of his injury, he was taken to the operating room for repair of his extensive skull base fractures. This was done on postinjury day 10.
A combined Neurosurgical, Neurotological, and Rhinological team planned a modified bicoronal and left-sided middle fossa craniotomy via a single incision with the goal of addressing the anterior and lateral skull base defects simultaneously (►Fig. 2). A lumbar drain was placed after induction with anesthesia for long-term CSF diversion. The first portion of the operation was focused on the anterior skull base and associated encephalocele. An endoscopic endonasal approach allowed the rhinologists to better understand the location of key anatomic landmarks in the setting of extensive fractures. Simultaneously, the neurosurgical team performed a bicoronal craniotomy for direct visualization of the anterior skull base from above. In a combined fashion, the encephalocele was resected and the dura was closed primarily in the anterior skull base. An autologous pericranial flap was placed along the entire defect, and its coverage of the extensive skull base defect was confirmed from the endonasal view. Attention was then turned to the left middle fossa. A standard middle fossa craniotomy was performed by the neurosurgical team and a mastoidectomy was performed by the Neurotology team. At that point, the temporal lobe dura was dissected off the skull base. Numerous areas of CSF leak were identified, and it was seen that the intracranial middle fossa was in direct communication with the temporomandibular joint (TMJ). This extensive defect was repaired with a Durepair (Medtronic, Minneapolis, Minnesota, United States) graft. An abdominal fat graft was placed in the tegmen defect around the TMJ, the middle ear, and the mastoid to prevent CSF leak. A multilayer closure of the fascia and skin was undertaken. Both craniotomy bone flaps were then secured in place using the KLS plating system and the single incision was closed in a layered fashion. Total operating time was 8 hours and 18 minutes, and there was an estimated blood loss of 775 mL. Following the surgical procedure, the patient was transferred to the ICU in stable condition. The patient received 2 g of Ancef, 1 g of vancomycin, and 4 g of cefepime intraoperatively. Vancomycin and cefepime were continued for 7 days postoperatively for meningitis prophylaxis. The lumbar drain was set to drain at 5 mL/h postoperatively, and this was continued until it was clamped on postoperative day (POD) 7. The lumbar drain was then removed on POD 8. The patient had a noncontrasted head CT done on POD 1 that showed stable postoperative changes (►Fig. 3).
The patient convalesced well and was discharged to a long-term acute care facility with the appropriate followup. The patient has subsequently been seen in follow-up for 9 months without any complication. He has had no further CSF leakage or infection and has returned to most of his usual activities.
Discussion
To our knowledge, repair of multifocal CSF fistulae in the setting of gunshot wounds to the head has never been documented in the literature. Our skull base center has extensive experience with the management of CSF fistulae, and we drew upon that experience to plan a novel technical approach to this challenging problem. A team approach utilizing three specialists allowed for a single operation involving a hybrid incision to repair these defects. This included an endoscopic endonasal approach, bicoronal and middle fossa craniotomies, and a mastoidectomy. Our goal was to minimize the risk of infection and allow for early mobilization and rehabilitation by combining these procedures into a single operation.
CSF fistula can be divided based on etiology into traumatic and nontraumatic; trauma accounts for 50.2%, with iatrogenic trauma accounting for 30.1% of the total amount and accidental trauma accounting for 23.2%. 13, 14 Patients with traumatic anterior skull base deformities commonly present with CSF rhinorrhoea. Dural tears and CSF leaks have been identified in 10 to 30% of cranial base fractures and are five to six times more frequent in anterior than middle or posterior cranial base fractures.
2,9,15-18
Historically, frontal or bicoronal craniotomies were the preferred treatment methods, with a success rate between 60 and 90%. 5, 19 To reduce the high failure rate and significant morbidity associated with this approach, minimally invasive endoscopic techniques were attempted. Since Wigand's first documentation of a successful endoscopic CSF leak repair in 1981, the endonasal endoscopic approach has quickly become the preferred surgical approach. 20, 21 While this procedure has a high rate of success and a lower rate of morbidity, there are limitations to what it can treat. In the case of traumatic CSF fistula with multiple fractures of the anterior cranial base, an intracranial approach is preferred. Scholsem and his colleagues described a combined intradural and extradural intracranial approach for repairing traumatic fistulae. 6 They presented a case series of 209 patients with complex fractures of the anterior skull base with associated CSF fistulae. Of the 209 patients, 109 underwent a bicoronal craniotomy with a combined intradural and extradural approach to identify and repair the CSF fistula. They had a 90% success rate with the initial procedure, with 11 patients requiring a second-look surgery. Seven patients underwent an endoscopic approach and four patients had a repeat intracranial procedure. Of the patients who underwent surgery, five developed meningitis that was treated with intravenous antibiotics. Conversely, Locatelli et al presented a case series of 135 patients with traumatic CSF rhinorrhea treated through an endoscopic endonasal approach. While they had excellent results with a success rate of 93.3% on the first attempt, they specified that the key to this approach is an accurate preoperative location of the CSF fistula, an exsanguine operating field, definition of the leak dimensions, and clarification of the subjective anatomy of the area. 8 This treatment is therefore preferred for circumscribed fractures of the medial portion of the anterior cranial base.
7-9,11,12 In this complex case, we felt our best chance for success involved utilizing both the intracranial and endoscopic approaches simultaneously. Due to the extensive damage to the anterior cranial base, the numerous CSF fistulae, and the associated encephalocele, an intracranial approach was required for effective treatment. The endoscopic approach was added to allow the surgeons to better understand the key anatomic landmarks in the setting of extensive fractures and to ensure that the pericranial graft completely covered the deepest aspect of the bony defect. Similarly, Fishman and his colleagues described similar success in their case series of nine pediatric patients with extensive cranial fractures who underwent a combined intracranial and subcranial approach for repair of posttraumatic CSF leaks. None of the patients that they operated on had meningitis or leak after the combined approach, suggesting that appropriate closure of the dural defect and base of the skull had been achieved. 22 We utilized a vascularized pericranial flap to repair the anterior skull base defect. We believed that this would allow the region to heal adequately since it achieved excellent coverage of the defect. We also performed a primary repair of the dura of the anterior skull base. While current literature debates the use of lumbar drains with vascularized flaps for repair of skull base defects, 23 we opted to place a lumbar drain for temporary CSF diversion because of the multiple regions involved and the severity of the injury. In the middle fossa, the dura was shredded in numerous locations and was unable to be repaired primarily. This defect also communicated with the TMJ, leaving a potential space in which a pseudomeningocele could form. Temporal bone CSF fistulae most commonly occur after surgery to the skull base, traumatic fractures, as a result of erosion from intracranial tumors, or after radiation therapy. [24] [25] [26] [27] A large series of traumatic temporal bone fractures found the incidence of CSF leak to be 17%. 28 Certain principles of management of temporal bone CSF fistulae are widely agreed upon, including the need for surgical repair. The risk of meningitis increases with traumatic leaks that persist beyond 1 week, so surgical intervention should be performed early.
28
Multifocal CSF fistulae involving both the anterior and middle fossa skull base are rare and occur most commonly following a traumatic event. This case report proposes a unique combined surgical approach to repair all of these defects simultaneously. We believe that in doing so, the potential complications associated with continued CSF leak and communication between the extracranial and intracranial compartments are avoided. In a staged approach, the patient would not only have to undergo two separate rounds of anesthesia, but also be at risk for infection of the newly implanted hardware between the first and second procedure. By combining the procedures, we minimized operating room (OR) time, anesthesia time, and set the patient up to make a quicker recovery. Such an approach requires a team of skull base surgeons with excellent understanding of anterior and middle fossa anatomy as the anatomic distortions present in such a complex case could lead to morbidity if not fully appreciated.
Conclusion
This case presents a novel operative approach to multifocal CSF fistulae following a gunshot wound. This multidisciplinary approach allowed for a single operation that addressed both his anterior and middle fossae fistulae simultaneously through a single incision. Undergoing a single operation as compared with a staged approach limited the potential complications of continued CSF leak, including meningitis and hardware infection. Despite the severity of his initial injury, this patient recovered well with no perioperative complications.
